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QUANTITATIVE ANALYSIS OF VITAMIN D3,
VITAMIN D2, AND METABOLITES THEREOF

RELATED APPLICATIONS

The present application is a continuation of U.S. applica-
tion Ser. No. 13/013,664 filed on Jan. 25,2011, now U.S. Pat.
No. 8,617,898, which itself claims benefit from earlier filed
U.S. Provisional Patent Application No. 61/297,917, filed
Jan. 25, 2010, all of which is incorporated herein in their
entirety by reference.

FIELD

The present teachings relate to the fields of mass spectrom-
etry and tagging reagents useful for mass spectrometry.

BACKGROUND

Analysis of the vitamin D family of metabolites, including,
vitamin D3, vitamin D2, and metabolites of vitamin D3 and
vitamin D2, such as the 25-hydroxy and the 1,25 dihydroxy
analogs, has conventionally been difficult because these ana-
lytes are present at low levels in a determining matrix such as
plasma. Conventional methods of analyzing vitamin D3, vita-
min D2, and their metabolites suffer additional drawbacks.
Immunoassays and LC/UV methods used to analyze vitamin
D3 and its metabolites, for example, are not specific and
suffer from sample treatment complexity. Also, strategies
involving LC/MSMS for exploiting derivatization of the ana-
lytes have failed to achieve the limit of detection required for
the assay to be viable in a clinical setup and also lack multi-
plexing capability (Shimada, et. al., Analyst, December 1991,
Vol 116, 1393-1397; Higashi et al., Chem. Pharm. Bull.,
54(11), 1479-1485 (2006)). A need exists for a method of
quantitating these analytes that overcomes these drawbacks.

It has been found that two functionalities in vitamin D3,
vitamin D2, and metabolites of vitamin D3 and vitamin D2,
which can be exploited for derivatization, include the
hydroxyl group and the conjugated diene functionality. The
Cookson reagent described by Shimada, et al. and Higashi et
al. takes advantage of Diels-Alder chemistry to add a triaz-
olone derivative across the diene functionality in vitamin D3,
vitamin D2, and their metabolites.

SUMMARY

According to various embodiments, the methods of the
present teachings provide a method to quantify vitamin D2,
vitamin D3, and metabolites thereof, herein collectively
referred to as vitamin D analytes. The metabolites can com-
prise, for example, the monohydroxy and dihydroxy metabo-
lites of vitamin D2 and vitamin D3. Quantification of vitamin
D2, vitamin D3, and the monohydroxy and dihydroxy
metabolites of vitamin D2 and vitamin D3 can comprise
labeling the analytes using mass spectrometry (MS) tagging
reagents, and LC-MSMS analysis of the labeled analytes
using a Multiple Reaction Monitoring (MRM) workflow. The
labeled analytes can have distinct retention times on a
reversed phase column, and distinct masses. Under high
energy collision, reporter groups can be generated. The inten-
sity or the peak area detected for each reporter group can be
used not only for identification, but also for quantitation.

In some embodiments, a two-step derivatization process is
provided that takes advantage of the diene functionality in the
family of vitamin D analytes. In some embodiments, vitamin
D analytes are derivatized in a one-step process. Quantitation

10

15

20

25

30

35

40

45

50

55

60

65

2

of the analytes in a test sample can be achieved using an
LC-MSMS and MRM workflow. The reagent design
increases sensitivity of an assay and provides multi-plexing
capability.

BRIEF DESCRIPTION OF THE DRAWINGS

The present teachings will be more fully understood with
reference to the appended drawings. The drawings are
intended to illustrate, not limit, the present teachings.

FIG. 1 shows a reaction scheme for a two-step chemical
reaction that can be used to label vitamin D analytes accord-
ing to various embodiments of the present teachings.

FIG. 2A shows an exemplary set of four aminoxy tagging
reagents that can be used in a four-plex assay according to
various embodiments of the present teachings.

FIG. 2B shows an exemplary set of four aminoxy tagging
reagents that can be used in a four-plex assay according to
various embodiments of the present teachings.

FIG. 3A is a reaction scheme showing fragmentation pat-
terns for generating reporter ions for monohydroxy vitamin
D3 using an aminoxy reagent that leaves a charged analyte
species as the reporter ion, according to various embodiments
of the present teachings.

FIG. 3B is a reaction scheme showing fragmentation pat-
terns for generating reporter ions for dihydroxy vitamin D3
using an aminoxy reagent that leaves a charged analyte spe-
cies as the reporter ion, according to various embodiments of
the present teachings.

FIG. 3C is a reaction scheme showing fragmentation pat-
terns for generating reporter ions for monohydroxy vitamin
D3 using an aminoxy reagent that yields a tag fragment as the
reporter ion, according to various embodiments of the present
teachings.

FIG. 4A is a schematic flow diagram showing the various
steps involved with relative quantitation in a two-plex assay
according to various embodiments of the present teachings.

FIG. 4B is a schematic flow diagram showing the various
steps involved with absolute quantitation in a two-plex assay
according to various embodiments of the present teachings.

FIG. 4C is a schematic flow diagram showing the various
steps involved with relative quantitation in a four-plex assay
according to various embodiments of the present teachings.

FIG. 4D is a schematic flow diagram showing the various
steps involved with absolute quantitation in a four-plex assay
according to various embodiments of the present teachings.

FIG. 5 shows two exemplary mass differential reagent
pairs according to various embodiments of the present teach-
ings.

FIG. 6 is a spectrogram showing HPLC separation of
labeled analytes according to various embodiments of the
present teachings.

FIG. 7 is an MSMS spectrogram of labeled vitamin D3,
obtained according to various embodiments of the present
teachings.

FIG. 8 shows an MS? spectrogram of labeled vitamin D3,
obtained according to various embodiments of the present
teachings.

FIG. 9 shows an MSMS spectrogram of labeled monohy-
droxy vitamin D3, obtained according to various embodi-
ments of the present teachings.

FIG. 10 shows an MSMS spectrogram of labeled dihy-
droxy vitamin D3, obtained according to various embodi-
ments of the present teachings.

FIG. 11 shows an MSMS spectrogram of labeled vitamin
D2, obtained according to various embodiments of the
present teachings.
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FIG. 12 A shows a general formula and exemplary substitu-
ents that can be used in a one-step tagging method for vitamin
D analytes.

FIG. 12B shows a general formula and exemplary substitu-
ents that can be used in a one-step tagging method for vitamin
D analytes.

FIG. 13 shows a reaction scheme for a one-step chemical
reaction, and exemplary substituents for the tagging mol-
ecule, that can be used to label vitamin D analytes according
to various embodiments of the present teachings.

FIG. 14 shows a reaction scheme for a one-step chemical
reaction, exemplary substituents that can be used for the
tagging molecule, and an MSMS workflow, that can be used
to label and quantify vitamin D analytes according to various
embodiments of the present teachings.

FIG. 15 shows a reaction scheme for a one-step chemical
reaction, exemplary substituents that can be used for the
tagging molecule, and an MSMS workflow, that can be used
to label and quantity dihydroxy vitamin D3 analyte, accord-
ing to various embodiments of the present teachings.

FIG. 16 shows a reaction scheme for a one-step chemical
reaction, exemplary substituents that can be used for the
tagging molecule, and an MSMS workflow, that can be used
to label and quantify monohydroxy vitamin D analytes
according to various embodiments of the present teachings.

FIG. 17 shows two different sets of exemplary isobaric
tags, each set comprising four different reagents that can be
used in a four-plex assay, according to various embodiments
of the present teachings.

FIG. 18 shows two different sets of exemplary mass dif-
ferential tags, each set comprising four different reagents that
can beused in a four-plex assay, according to various embodi-
ments of the present teachings.

FIG. 19 shows the comparison of QAO-C derivatized 1a,
25-Dihydroxy Vitamin-D;, PTAD 1¢,25-DihydroxyVitamin-
D;, and underivatized 1a, 25-Dihydroxy Vitamin-Dj;, accord-
ing to various embodiments of the present teachings.

FIG. 20 shows a comparison of the sensitivity of QAO-C
derivatized 1a,25-DihydroxyVitamin-D;, PTAD 1¢,25-Di-
hydroxyVitamin-D;, and underivatized 1a,25-Dihydroxy Vi-
tamin-Dj;, according to various embodiments of the present
teachings.

FIG. 21 shows the separation of Vitamin-D; isomers,
according to various embodiments of the present teachings.

FIG. 22 shows the separation of Vitamin-D; isomers from
1a,25-DihydroxyVitamin-D; in human serum sample,
according to various embodiments of the present teachings.

FIG. 23 shows the separation of Vitamin-D; isomers from
1a,25-Dihydroxy Vitamin-Dj in an analysis of human serum
sample, according to various embodiments of the present
teachings.

FIG. 24 shows the quantity of 1a,25-DihydroxyVitamin-
D; detected in male serum samples from two runs, according
to various embodiments of the present teachings.

FIG. 25 shows the quantity of 1a,25-DihydroxyVitamin-
D; detected in female serum samples from two runs, accord-
ing to various embodiments of the present teachings.

DETAILED DESCRIPTION

According to various embodiments, a method for quanti-
tating a vitamin D analyte in a sample is provided. The vita-
min D analyte can comprise one or more of vitamin D2,
vitamin D3, a metabolite of vitamin D2, and a metabolite of
vitamin D3. In some embodiments, the method comprises
treating a vitamin D analyte with a dienophile reagent to form
a Diets-Alder adduct. The Diels-Alder adduct is then labeled
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with an aminoxy mass spectrometry (MS) tagging reagent to
form a labeled adduct. The labeled adduct is then analyzed
using mass spectrometry. In other embodiments, a one-step
tagging reagent is used, for example, a dienophile-containing,
labeled Diels-Alder reagent.

According to various embodiments using a two-step chem-
istry, the aminoxy MS tagging reagent can comprise a com-
pound having the following structure:

R—(CH,),—ONH,

wherein R is

Ry
Roe_| | H,N NH
N+ or —P+ or or
R/
3
| NH,
+
N NH
~ or any
| quarternary
amine

PN

R,, R,, and R; can each independently be a hydrogen atom or
an alkyl group, and n can be from 1 to 20, from 1 to 15, from
1to 10, or from 1 to 5.

In some embodiments, the aminoxy MS tagging reagent
can comprise a compound having the following structure:

R—(CH,),—ONH,

wherein R can be, but is not limited to, one or more of these
five structures

(CONH (CONH (CONH
[Nj [Nj N
T o O
CONH CONH

C (
SN
and n can be from 1 to 20, from 1 to 15, from 1 to 10, or from
1to5.

The method can further comprise providing a standard
comprising a known concentration of a known vitamin D
analyte, treating the known vitamin D analyte of the standard
with a dienophile reagent to form a standard Diels-Alder
adduct, and labeling the standard Diels-Alder adduct with an
aminoxy MS tagging reagent to form a labeled standard
adduct. The labeled standard can then be mixed with the
adduct obtained from the sample and the labeled adduct to
form a mixture. The mixture can then be separated to form
separated labeled analytes, and the separated analytes can be
analyzed.

In some embodiments, the aminoxy MS tagging reagent
used to label the standard Diels-Alder adduct can comprise a

first isobaric tag from a set of isobaric tags. The aminoxy MS
tagging reagent used to label the Diels-Alder adduct from the
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sample can comprise a second isobaric tag from the same set
of'isobaric tags, but that differs from the first isobaric tag. The
labeled adduct can be analyzed using mass spectrometry,
using LC-MSMS analysis of the labeled adduct, using a com-
bination thereof, or the like.

In some embodiments, parent daughter ion transition
monitoring (PDITM) of the labeled analytes is performed
using a triple quadrupole MS platform. More details about
PDITM and its use are described in U.S. Patent Application
Publication No. US 2006/0183238 A1, which is incorporated
herein in its entirety by reference. In some embodiments, the
aminoxy MS tagging reagent undergoes neutral loss during
MSMS and leaves a reporter ion that is a charged analyte
species. In some embodiments, the aminoxy MS tagging
reagent forms a reporter ion that is a tag fragment during
MSMS.

According to various embodiments, the vitamin D analyte
can comprise a plurality of different vitamin D analytes, and
the labeling can comprise labeling each with a plurality of
different respective tagging reagents, for example, a different
tagging reagent for each different type of analyte. The
metabolites to be analyzed and for which a kit can be config-
ured to detect, can comprise analytes of vitamin D2, for
example, a monohydroxy metabolite of vitamin D2 and/or a
dihydroxy metabolite of vitamin D2. In some embodiments,
the metabolites are metabolites of vitamin D3 and can com-
prise a monohydroxy metabolite of vitamin D3 and/or a dihy-
droxy metabolite of vitamin D3.

According to yet other embodiments of the present teach-
ings, a kit is provided that comprises a dienophile reagent and
one or more aminoxy MS tagging reagents. The aminoxy MS
tagging reagent can comprise a compound having the follow-
ing structure

R—(CH,),—ONH,

wherein R is

R,
Row| | N NH
N+ o ——pP+ or or
R 7~
3
| NH,
+
N NH
~ or any
| quarternary
N amine
PN

R,,R,, and R; can each independently be a hydrogen atom or
an alkyl group, and n can be from 1 to 20, from 1 to 15, from
1 to 10, or from 1 to 5.

The kit can include an aminoxy MS tagging reagent com-
prising a compound having the following structure

R—(CH,),,—ONH,

wherein R can be, but is not limited to, one or more of these
five structures
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and n can be from 1 to 20, from 1 to 15, from 1 to 10, or from
1to5.

The kit can comprise a standard comprising a known vita-
min D analyte. The standard can comprise a known concen-
tration of a known vitamin D analyte. In some embodiments,
the aminoxy MS tagging reagent included in the kit can
comprise one or more isobaric tags from a set of isobaric tags.
In some embodiments, the kit can comprise a plurality of
different isobaric tags from a set of isobaric tags.

The kit can also comprise instructions for labeling the
vitamin D analyte, for example, paper instructions or instruc-
tions formatted in an electronic file, for example, on a com-
pact disk. In some embodiments, the kit can comprise a
homogeneous assay in a single container, to which only a
sample need be added. Other components of the kit can
include buffers, other reagents, one or more standards, a
mixing container, and the like.

According to various embodiments, the present teachings
provide a method for the quantitation of one or more of
vitamin D2, vitamin D3, and/or metabolites from the vitamin
D family, herein collectively referred to as vitamin D ana-
lytes. Vitamin D analytes can include, for example, vitamin
D2, vitamin D3, and/or the monohydroxy, dihydroxy and
trihydroxy metabolites of vitamin D2 or vitamin D3 or struc-
turally related compounds or any analyte which has a diene
functionality. According to various embodiments, the method
for quantification of one or more vitamin D analytes can
comprise a two-step chemical reaction to modify the analytes,
followed by mass analysis using mass spectrometry. Accord-
ing to various embodiments, the two-step chemical reaction
can comprise derivatizing the conjugated diene functionality
in a vitamin D analyte to attach a label to the analyte.

As shown in FIG. 1, the two-step chemical reaction can
comprise first treating the vitamin D analyte with a dienophile
reagent having an acetyl group, to form a Diels-Alder adduct.
The Diels-Alder adduct can then be treated with mass spec-
trometry (MS) tagging reagent. According to some embodi-
ments, liquid chromatography-tandem mass spectrometry
(LC-MS/MS) can be used to analyze the modified analyte.
Adducts of different analytes can have different distinct reten-
tion times on a reversed phase column, and distinct masses,
and can elute from the column at separate times. The eluant
from the column can be subjected to MSMS analysis. Under
high energy collision, reporter groups can be generated. The
intensities or peak areas of the reporter groups can be used for
identification and/or quantitation.

According to various embodiments, a plurality of mass
spectrometry (MS) tagging reagents is provided for labeling
or tagging one or more vitamin D analytes. According to
some embodiments, the MS tagging reagents can fragment
well to provide intense reporter ions. According to some
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embodiments, the MS tagging reagents can comprise ami-
noxy MS tagging reagents that are specifically designed for a
Multiple Reaction Monitoring (MRM) assay. According to
some embodiments, at least two different categories of ami-
noxy MS tagging reagents can be used to generate reporter
groups under high energy collisions. Exemplary compounds
from a first and second category or set of aminoxy MS tagging
reagents which can be used, are shown below:

First Category

R—(CH,),,—ONH,

wherein R is

R,
Roe| | N NH
N+ or ——P+ or or
R | \"/
NH,
n
~ N Ni or any
| quarternary
N, amine
PN

R,,R,, and R; can each independently be a hydrogen atom or
an alkyl group, and n can be from 1 to 20, from 1 to 15, from
1to 10, or from 1 to 5;

Second Category

R—(CH,),,—ONH,

wherein R can be, but is not limited to, one or more of these
five structures

(CONH (CONH (CONH
[Nj [Nj N
T o O
CONH CONH

C (
()
and n can be from 1 to 20, from 1 to 15, from 1 to 10, or from
1to 5.

As shown in FIGS. 3A and 3B, an aminoxy MS tagging
reagent from the first category of aminoxy MS tagging
reagents can undergo neutral loss during high energy colli-
sion (MSMS) leaving a charged analyte species as the
reporter ion, which can then be subjected to MS> analysis.
The vitamin D analyte shown in FIG. 3A is monohydroxy
vitamin D3. The vitamin D analyte shown in FIG. 3B is
dihydroxy vitamin D3. An aminoxy MS tagging reagent from
the second category of aminoxy MS tagging reagents can
yield a tag fragment as the reporter ion, on high energy col-
lision, as illustrated in FIG. 3C. The vitamin D analyte shown
in FIG. 3C is monohydroxy vitamin D3.

According to various embodiments, for each type of ami-
noxy MS tagging reagent, a plurality of isobaric tagging or
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mass differential tagging reagents can be formulated and
used. FIGS. 2A and 2B each respectively depicts a set of
isobaric 4-plex aminoxy MS tagging reagents. Each set of
isobaric tagging reagents can have identical chemical struc-
tures and masses but can comprise different combinations
and/or positions of isotopes.

According to various embodiments, a first isobaric tag
from one set of isobaric reagents can be made to contact a
standard that can comprise a known vitamin D analyte, for
example, at a known concentration. The contact can be made
under conditions that favor a reaction between the first iso-
baric tag and the standard. A second isobaric tag from the
same set of isobaric reagents as the first isobaric tag can be
made to contact a sample comprising an unknown concentra-
tion of a vitamin D analyte. As described further below, the
tagged analytes of the standard and sample can be mixed
together and analyzed to determine the concentration of the
analytes in the sample. The analysis can comprise separating
the mixture to form separated analytes, and analyzing the
separated analytes. Methods of separation that can be used
include gas chromatographic methods, liquid chromato-
graphic methods, other chromatographic methods, electro-
phoretic methods, electroosmotic methods, mass differential
separation methods, and the like. In an exemplary embodi-
ment, liquid chromatography is used to separate the various
analytes in the mixture and thus form separated analytes.

In some embodiments, chromatographic separation can be
preformed on a reversed phase column and peaks eluting
from the column can be subject to subsequent analysis. In
some embodiments, the subsequent analysis can comprise
mass spectrometry or, more particularly, Parent Daughter Ion
Transition Monitoring (PDITM). By comparing the results
from the PDITM, the concentration of the vitamin D analyte
in the sample can be determined, as is described in more detail
below. More details about PDITM and its use can be found in
published application US 2006/0183238 A1, which is incor-
porated herein in its entirety by reference.

According to some embodiments, mass differential tag-
ging reagents instead of isobaric tagging reagents, can be
used. Exemplary mass differential reagent pairs are depicted
in FIG. 5.

According to various embodiments, the aminoxy MS tag-
ging reagents can be used for relative and absolute quantita-
tion in multiplex assays. According to some embodiments,
the aminoxy MS tagging reagents can be used for two-plex,
three-plex, four-plex, and other multiplex assays.

An exemplary method of quantitation is shown with refer-
ence to FIGS. 4A and 4B, which illustrate relative and abso-
Iute quantitation for a two-plex assay, respectively. As
described in FIG. 4A, the method can begin with labeling a
first sample containing a known vitamin D analyte. The first
sample can be, for example, a standard containing a known
concentration of a known vitamin D analyte (FIG. 4B). The
first sample can be labeled with a first isobaric tag from a set
of isobaric tags. Next, a second sample having an unknown
analyte in an unknown concentration can be labeled with a
second isobaric tag from the same set of isobaric tags. The
labeled first sample can then be combined with the labeled
second sample to form a mixture. Subsequently, the mixture
can be subjected to separation, such as liquid chromatography
(LC) separation, for example, on a reversed phase column.
The labeled analytes can elute from the column at separate
times due to their different and distinct retention times on the
column. The peaks eluted from the reversed phase column
comprise peaks that contain the labeled analytes from the first
sample and peaks that contain the labeled analytes from the
second sample. Next, each peak eluted from the column can



US 9,188,596 B2

9

be subjected to Parent Daughter lon Transition Monitoring
(PDITM). The ratio of the signal intensity of peak area of the
reporter signals generated from the first sample, relative to
those generated from the second sample, gives the relative
concentration of the analyte in the test sample, as shown in
FIG. 4A. When the concentration of the labeled standard is
known, the specific concentration of the analyte in the sample
can be determined, as shown in FIG. 4B.

Another exemplary method of relative and absolute quan-
titation is shown with reference to FIGS. 4C and 4D, which
illustrate relative and absolute quantitation for a four-plex
assay, respectively. As described in FIG. 4C, the method can
begin with labeling four samples with first, second, third, and
fourth isobaric tags, respectively, that are from the same set of
isobaric tags. One of the samples can be a standard having a
known concentration of a known vitamin D analyte, as
depicted in FIG. 4D. The labeled samples can be combined to
form a mixture. Subsequently, the mixture can be subjected to
separation, such as liquid chromatography (L.C) separation,
for example, on a reversed phase column. The labeled ana-
lytes can be eluted from the column at separate times due to
their different and distinct retention times on the column. The
peaks eluted from the reversed phase column can comprise
peaks that contain the labeled analytes and peaks that contain
the labeled standard. Next, each peak eluted from the column
can be subjected to Parent Daughter Ion Transition Monitor-
ing (PDITM). The ratio of the signal intensity of peak area of
the reporter signals generated from the labeled standard, rela-
tive to those generated from the labeled test samples, gives the
relative concentrations of the analytes in the test samples, as
shown in FIG. 4C. When the concentration of the labeled
standard is known, the specific concentration of each analyte
in each of the samples can be determined, as shown in FIG.
4D.

According to various embodiments, a method for relative
quantitation of one or more vitamin D analytes can comprise
labeling the one or more analytes, followed by analysis using
mass spectrometry. According to some embodiments the one
or more analytes can be vitamin D3 and/or metabolites of
vitamin D3. According to some embodiments, the method
can comprise labeling both a standard sample containing
vitamin D3 and/or metabolites of vitamin D3, and a test
sample, with MS tagging reagents. According to some
embodiments, the MS tagging reagents can be aminoxy tag-
ging reagents. According to some embodiments, the aminoxy
tagging reagents can comprise a set of isobaric tags. Accord-
ing to some embodiments, the standard sample can be labeled
with a first isobaric tag from a set of isobaric tags, in two steps,
as shown in FIG. 1. In the first step, vitamin D analytes in the
standard sample can be treated with a dienophile reagent
having an acetyl group, to form a Diels-Alder adduct. In the
second step, the Diels-Alder adduct can be treated with the
first isobaric tag. The test sample can be labeled with a second
isobaric tag from the same set of isobaric tags, which is
different from the first isobaric tag, in a similar two-step
process as is used for the standard sample. The labeled stan-
dard sample and the labeled test sample can then be combined
and the resulting mixture can be subjected to liquid chroma-
tography (LC) separation on a reversed phase column. The
labeled vitamin D3 and/or vitamin D3 metabolites can have
distinct retention times and can elute from the column at
separate times. The eluting peaks can comprise peaks con-
taining the labeled analyte and peaks containing the labeled
standard. FIG. 6 shows HPLC separation of labeled vitamin
D3 analytes. The eluant from the column can subsequently be
analyzed using mass spectrometry.
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FIG. 7 shows a mass spectrogram of labeled vitamin D3
using MSMS. According to some embodiments, when the
isobaric tag is an aminoxy MS tagging reagent, the reporter
signal can be subjected to further fragmentation (MS?). Sub-
jecting the reporter signal to further fragmentation can pro-
vide peaks that enable confirmatory identification of the ana-
lyte by comparing with a standard database. According to
some embodiments, the eluant from the column can be sub-
jected to Parent Daughter lon Transition Monitoring
(PDITM).

FIG. 8 shows a mass spectrogram of labeled vitamin D3,
obtained using MS>. The ratios of the signal intensity or peak
area of the reporter signals generated from the standard com-
pared to those generated from the test sample can indicate the
concentration of the analyte in the test sample relative to the
standard sample.

It should be understood that absolute quantitation of vita-
min D analytes, where the standard sample has a known
concentration of a vitamin D analyte, can be performed in the
same manner as described above for relative quantitation.
Also, where vitamin D3 and/or metabolites of vitamin D3 are
mentioned above, it should be understood that any vitamin D
analyte can be used. FIG. 11, for example, shows an MSMS
spectrogram of vitamin D2 that has been labeled in accor-
dance with the present teachings.

The tagging chemistry and the methodology of the present
teachings provide increased sensitivity relative to known
methods, and eliminate the need for ?H-containing, **C-con-
taining, '*N-containing, and '®O-containing standards of
vitamin D analytes. Isotope labeled standards of some vita-
min D analytes are not commercially available, which makes
absolute quantitation of these analytes difficult without the
present teachings. According to the present teachings, each
analyte can have its own internal standard. The reporter sig-
nals can be specific to the standard sample and to the test
sample.

Isobaric tags allow for multiplexing and provide the only
known method to date for multiplexed analysis of vitamin D
analytes, and provide high throughput and lower cost of
analysis per sample. Since there is one common functional
group in all of the vitamin D analytes, only one tag is needed
for each analyte, as shown in FIGS. 3A and 3B. In some
embodiments, using PDITM increases specificity and
reduces the risk of error. The reagent design makes it a good
tool for FlashQuant™ application and enables MS? capability
which helps in confirming the identity of the analyte.

According to various embodiments, a method for quanti-
tating a vitamin D analyte ina sample is provided, wherein the
method comprises tagging a vitamin D analyte with a one-
step tagging reagent, for example, a Diels-Alder adduct. The
product can then be analyzed using mass spectrometry.
According to various embodiments, the tagging reagent can
comprise a compound having the structure shown in FIG.
12A. Under high energy collision, a reporter group is gener-
ated. The intensity or the peak area of the reporter group is
used for quantitation. The one-step tagging reagents shown in
FIG. 12A undergo neutral loss during high energy collision
(MSMS) leaving a charged analyte species as the reporter ion,
such as shown in FIGS. 14 and 15, and the reporter ion can
then be subjected to MS?> analysis.

In some embodiments, the tagging reagent can comprise a
compound having the structure shown in FIG. 12B. The one-
step tagging reagents shown in FIG. 12B generate a tag frag-
ment upon high energy collision, such as shown in FIG. 16,
and the reporter ion can then be subjected to MS? analysis.

The method can further comprise providing a standard
comprising a known concentration of a known vitamin D
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analyte and tagging the known vitamin D analyte of the
standard with a one-step tagging reagent according to the
present teachings, to form a labeled standard. The labeled
standard can then be mixed with the labeled sample to form a
mixture. The mixture can then be separated to form separated
labeled analytes, and the separated analytes can be analyzed.

In some embodiments, the one-step reagent used for the
labeled standard can comprise a first isobaric tag from a set of
isobaric tags. The labeled sample can comprise a second
isobaric tag from the same set of isobaric tags, but that differs
from the first isobaric tag. The labeled sample can then be
analyzed using mass spectrometry, LC-MSMS analysis of the
labeled sample, a combination thereof, or the like.

In some embodiments, the one-step reagent used for the
labeled standard can comprise a first mass differential tag
from a set of mass differential tags. The labeled sample can
comprise a second mass differential tag from the same set of
mass differential tags, but that differs from the first mass
differential tag. The labeled sample can then be analyzed
using mass spectrometry, LC-MSMS analysis of the labeled
sample, a combination thereof, or the like.

In some embodiments, parent daughter ion transition
monitoring (PDITM) of the labeled analytes is performed
using a triple quadrupole MS platform. More details about
PDITM and its use are described in U.S. Patent Application
Publication No. US 2006/0183238 A1, which is incorporated
herein in its entirety by reference. As mentioned above, in
some embodiments, the one-step tagging reagent undergoes
neutral loss during MSMS and leaves a reporter ion that is a
charged analyte species. In some embodiments, the one-step
tagging reagent forms a reporter ion that is a tag fragment
during MSMS.

According to various embodiments, the vitamin D analyte
can comprise a plurality of different vitamin D analytes, and
the labeling can comprise labeling each with a plurality of
different respective tagging reagents, for example, a different
tagging reagent for each different type of analyte. The
metabolites to be analyzed and for which a kit can be config-
ured to detect, can comprise analytes of vitamin D2, for
example, a monohydroxy metabolite of vitamin D2 and/or a
dihydroxy metabolite of vitamin D2. In some embodiments,
the metabolites are metabolites of vitamin D3 and can com-
prise a monohydroxy metabolite of vitamin D3 and/or a dihy-
droxy metabolite of vitamin D3.

According to various embodiments, the present teachings
provide a method for the quantitation of one or more of
vitamin D2, vitamin D3, and/or metabolites from the vitamin
D family, herein collectively referred to as vitamin D ana-
lytes. Vitamin D analytes can include, for example, vitamin
D2, vitamin D3, and/or the monohydroxy, dihydroxy and
trihydroxy metabolites of vitamin D2 or vitamin D3. Accord-
ing to various embodiments, the method for quantification of
one or more vitamin D analytes can comprise a one-step
chemical reaction to modify the analytes, followed by mass
analysis using mass spectrometry. According to various
embodiments, the one-step chemical reaction can comprise
derivatizing the conjugated diene functionality in a vitamin D
analyte to attach a dienophile-containing tagging reagent to
the analyte, to form a Diels-Alder adduct, as exemplified in
FIGS. 13-16, which show four different respective reactions
using four different one-step tagging reagents, and exemplary
substituent groups that can comprise moieties of the respec-
tive one-step tagging reagents.

FIG. 17 shows two different sets of exemplary isobaric
tags, each set comprising four different reagents that can be
used in a four-plex assay, according to various embodiments
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of the present teachings. In various embodiments, the heavy
atom isotopes can be placed in various positions on the mol-
ecule.

FIG. 18 shows two different sets of exemplary mass dif-
ferential tags, each set comprising four different reagents that
can beused in a four-plex assay, according to various embodi-
ments of the present teachings. In various embodiments, the
heavy atom isotopes can be placed in various positions on the
molecule.

FIG. 19 compares the fragmentation pattern of QAO-C
derivatized 1a,25-DihydroxyVitamin-D;, PTAD 1a,25-Di-
hydroxyVitamin-D;, (PTAD is a Cookson type reagent); and
underivatized la, 25-DihydroxyVitamin-D;, according to
various embodiments of the present teachings. As shown in
FIG. 19, the QAO-C derivatized 1, 25-DihydroxyVitamin-
D, produces a clean mass spectrum compared to the spectrum
of PTAD 1a,25-DihydroxyVitamin-D; or that of underiva-
tized 1a,25-Dihydroxy Vitamin-D,.

FIG. 20 compares the signal intensity of QAO-C deriva-
tized 1a, 25-DihydroxyVitamin-D;, PTAD 1a,25-Dihydrox-
yVitamin-D;, and underivatized 1a,25-DihydroxyVitamin-
D;, according to various embodiments of the present
teachings. As shown in FIG. 20, there is an average of 11
times increase in sensitivity with QAO-C derivatized 1a,
25-DihydroxyVitamin-D; compared to PTAD 1a,25-Dihy-
droxyVitamin-D, and an average of 192 times increase in
sensitivity with the QAO-C derivatized 1, 25-DihydroxyVi-
tamin-D; compared to underivatized 1c,25-Dihydroxy Vita-
min-Dj.

FIG. 21 shows isobaric Dihydroxy Vitamin D-3 metabo-
lites being resolved by liquid chromatography. According to
various embodiments of the present teachings, as shown in
FIG. 21, Vitamin-D; isomers that otherwise can interfere with
1a,25-DihydroxyVitamin-Dj are separated.

FIG. 22 shows the separation of 1,25-DihydroxyVitamin-
D, from Vitamin-D isomers in human serum sample, accord-
ing to various embodiments of the present teachings.

FIG. 23 shows the separation of 1,25-DihydroxyVitamin-
D, from Vitamin-D; isomers in an analysis of human serum
sample, according to various embodiments of the present
teachings.

FIG. 24 shows the quantity of 1a,25-DihydroxyVitamin-
D, detected in male serum samples from two runs, according
to various embodiments of the present teachings.

FIG. 25 shows the quantity of 1a,25-DihydroxyVitamin-
D; detected in female serum samples from two runs, accord-
ing to various embodiments of the present teachings.

In some embodiments, the tagging chemistry and the
method can be run on any triple quadrupole instruments, for
example, those including FlashQuant™ with a Maldi source.
Reagent kits, data analysis software, and the MS platform are
provided in some embodiments as an analyzer for vitamin D3
and its metabolites. The same method can be employed for
vitamin D2 and its metabolites.

Different liquid chromatography and mass spectrometry

methods, systems, and software that can be used in accor-
dance with various embodiments of the present teachings
include those described in U.S. Provisional Patent Applica-
tion No. 61/182,748 filed May 31, 2009, and in U.S. Patent
Application No. US 2006/0183238 Al which published on
Aug. 17, 2006. Both of these references are incorporated
herein in their entireties by reference.
According to various embodiments of the present teachings,
akitis provided that can comprise one or more of a dienophile
reagent and an aminoxy MS tagging reagent. According to
some embodiments, the aminoxy MS tagging reagent can
comprise a compound having the following structure:

R—(CH,),—ONH,
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wherein R is
i ILN NI
Ro| | 2
N+ o ——PpP+ or or
R ~
3
| NI,
+
N NH
~ or any
| quarternary
N amine
PN

R,,R,, and R; can each independently be a hydrogen atom or
an alkyl group, and n can be from 1 to 20, from 1 to 15, from
1 to 10, or from 1 to 5; or the structure:

R—(CH,),—ONH,

wherein R comprises one or more of these five structures

CONH CONH CONH
CONH CONH

f f
()
and n can be from 1 to 20, from 1 to 15, from 1 to 10, or from
1 to 5. In some embodiments, R can be any of the R groups
described in connection with the tagging reagents of U.S. Pat.
No. 7,195,751 to Pappin et al., which is incorporated herein in
its entirety by reference.

In some embodiments, the kit can comprise at least one
standard comprising a known concentration of a known vita-
min D analyte. According to some embodiments, the ami-
noxy MS tagging reagent can be an isobaric tag from a set of
isobaric tags and in some embodiments the kit can include a
plurality of different isobaric tags from a set of isobaric tags.
According to some embodiments, the aminoxy MS tagging
reagent can be a mass differential tag from a set of mass
differential tags and in some embodiments the kit can include
a plurality of different mass differential tags from a set of
mass differential tags. According to some embodiments, the
kit can comprise a dienophile reagent, an aminoxy MS tag-
ging reagent, a standard comprising a known vitamin D ana-
lyte and/or a known concentration of a known vitamin D
analyte, and further can comprise instructions for labeling the
vitamin D analyte.

According to yet other embodiments of the present teach-
ings, the kit can comprise a one-step tagging reagent as shown
in FIG. 12A, a one-step tagging reagent as shown in FIG.
12B, a combination thereof, or the like. The kit can also
comprise a standard comprising a known vitamin D analyte.

In some embodiments, the standard can comprise a known
concentration of aknown vitamin D analyte. In some embodi-
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ments, the one-step tagging reagent included in the kit can
comprise one or more isobaric tags from a set of isobaric tags.
In some embodiments, the kit can comprise a plurality of
different isobaric tags from a set of isobaric tags. In some
embodiments, the one-step tagging reagent included in the kit
can comprise one or more mass differential tags from a set of
mass differential tags. In some embodiments, the kit can
comprise a plurality of different mass differential tags from a
set of mass differential tags.

According to various embodiments, the kit can comprise
buffers, one or more chromatographic columns, and option-
ally other reagents and/or components useful in carrying out
the assay. In some embodiments, the kit can comprise, for
example, a homogeneous assay such that the user need only
add a sample. In some embodiments, the kit can comprise
calibration or normalization reagents or standards. Informa-
tion pertaining to instrument settings that can or should be
used to perform an assay can also be included in the kit. In
some embodiments, information pertaining to sample prepa-
ration, operating conditions, volumetric amounts, tempera-
ture settings, and the like, is included with the kit.

The kit can be packaged in a hermetically sealed container
containing one or more regent vessels and appropriate
instructions. An electronic medium can be included in the kit,
having stored thereon electronic information pertaining to
one or more assays, measurement values, transition pairs,
operating instructions, software for carrying out operations, a
combination thereof, or the like.

According to various embodiments, a method can be pro-
vided for the synthesis of the QAOC reagent and its interme-
diates.

EXAMPLES

Aspects of the present teachings can be further understood
in light of the following examples, which should not be con-
strued as limiting the scope fo the present teachings in any
way.

Example 1

Tlustration of the Steps in the Synthesis of the

QAOC Reagent
(6]
80°C.,2h
P 90%
NH,NH,
NCO
O,
2) AM KOH
70° C,15h
b) Cone. HCI

85%
(over two steps)

o
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-continued

O,

O,
%Il\TH 3
N
%NH MeOH, 6 h
o

r

>\NH CF3CF2CF3COOAg

% NH AgBr

(precipitate)
(C18-purification,
65%

4 over two steps)
tBuCOCl
NH (Aceotonitrile)
_— -
| J_/ ly EoAe
PN hexanes
0,
CF5CE,CF,C00° wash) 80%
5
O,
O —_—
\ N
| Nl
® N
—N >/
| d
CF3CF2CF2COO@
6
QAOC reagent
Synthesis of

p-Acetyl-4-phenyl-1-carbethoxysemicarbazide (1)

To a solution of ethyl carbazate (6.46 g, 62.05 mmol) in
toluene (100 ml) was added dropwise a solution of
4-acetylphenylisocyanate (10 g, 62.05 mmol) in toluene (250
mL). The reaction mixture was stirred at room temperature
for 2 hand then at 80° C. for 2 h. The precipitate formed in the
reaction was filtered and dried in vacuum oven to give
p-acetyl-4-phenyl-1-carbethoxysemicarbazide 1 (16.5 g,
90%). It was used without further purification in the next
reaction step. (Synthesis adopted from: Organic Syntheses,
Coll. Vol. 6, p. 936 (1988); Vol. 51, p. 121 (1971). 4-PHE-
NYL-1,2,4-TRIAZOLINE-3,5-DIONE). In various aspects,
the values of each of the components used in this example can
be increased or decreased by an amount in the range of from
about 5% to about 20%, for example, each component can be
used in an amount that is from 5% less to 5% more than the
value used in this example, each component can be used in an
amount that is from 10% less to 10% more than the value used
in this example, each component can be used in an amount
that is from 15% less to 15% more than the value used in this
example, or each component can be used in an amount that is
from 20% less to 20% more than the value used in this
example. In various aspects, the values can be varied by about
plus or minus 5% to 20%.
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Synthesis of p-Acetyl-4-phenylurazole (2)

p-Acetyl-4-phenyl-1-carbethoxysemicarbazide 1 (15 g, 56
mmol) was heated with aqueous 4 M KOH solution (28 mL,,
112 mmol) at 70° C. for about 2 h. Leftover granular solid was
filtered off using a sintered filter funnel. Filtrate was cooled to
room temperature and acidified with concentrated HCI. The
precipitate formed was filtered and dried in vacuum oven to
give p-acetyl-4-phenylurazole 2 as light yellow solid (12.4 g,
85%). 'H NMR (400 MHz, DMSO-d6): s=1.65 (s, 3H), 6.70
(d, 2H), 7.10 (d, 2H), 9.50 (s, 2H). (Synthesis adopted from:
Organic Syntheses, Coll. Vol. 6, p. 936 (1988); Vol. 51, p. 121
(1971). 4-PHENYL-1,2,4-TRIAZOLINE-3,5-DIONE). In
various aspects, the values of each of the components used in
this example can be increased or decreased by an amount in
the range of from about 5% to about 20%, for example, each
component can be used in an amount that is from 5% less to
5% more than the value used in this example, each component
can be used in an amount that is from 10% less to 10% more
than the value used in this example, each component can be
used in an amount that is from 15% less to 15% more than the
value used in this example, or each component can be used in
an amount that is from 20% less to 20% more than the value
used in this example. In various aspects, the values can be
varied by about plus or minus 5% to 20%.

Synthesis of p-Acetyl-4-phenylurazole Quaternary
Aminooxy Adduct Bromide (4)

A suspension of p-Acetyl-4-phenylurazole 2 (2.10 g, 9.58
mmol) and quaternary aminooxy tag 3 (6.74 g, 20.6 mmol, in
100 mL of methanol-acetic acid (95:5 v/v) (the quaternary
aminoxy tag as a labeling reagent is described in published
U.S. application, 2011-0003395, incorporated herein in its
entirety by reference), was stirred at ambient temperature for
48 h. HPLC analysis at this stage showed 95% conversion of
2 to the product p-Acetyl-4-phenylurazole quaternary ami-
nooxy adduct 4. Column: DeltaPak C18, 3.9x150 mm, Buffer
A: Water+0.1% TFA, Buffer B: Acetonitrile+0.085% TFA,
Wavelength (Signal=254 nm, Reference=360 nm), Flow=1
ml./min. Concentrations of analytes were approximately
0.25 mg/mL in methanol. Retention time of p-Acetyl-4-phe-
nylurazole 2=5.1 min and p-Acetyl-4-phenylurazole quater-
nary aminooxy adduct 4=5.5 min. ES-MS data: M+ (calcu-
lated M+=C, ;H,,N;O;+=334.19, observed M+=334.20 and
275.50 (-Me;N)). Crude product was isolated as a white solid
after removal of methanol. In various aspects, the values of
each of the components used in this example can be increased
or decreased by an amount in the range of from about 5% to
about 20%, for example, each component can be used in an
amount that is from 5% less to 5% more than the value used
in this example, each component can be used in an amount
that is from 10% less to 10% more than the value used in this
example, each component can be used in an amount that is
from 15% less to 15% more than the value used in this
example, or each component can be used in an amount that is
from 20% less to 20% more than the value used in this
example. In various aspects, the values can be varied by about
plus or minus 5% to 20%.

Counter ion exchange: The solid so obtained was dissolved
in 40 mL of water and 30 mL (11.50 mmol of 4) of which was
used for exchange. To this solution (in a 50 mL Falcon tube)
a solution of silver heptafluoro butyrate (3.69 g, 11.53 mmol
in 15 mL of deionized water) was added at once and mixed
briefly by flipping the tube. Precipitate was separated by
centrifugation at 3000 rpm for 2 min. Supernatant checked for
any bromide ion (Br-) by addition of a dilute solution of silver
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heptafluoro butyrate (1 drop). Formation of turbidity indi-
cates presence of Br—. To ensure complete precipitation of
bromide ion another 0.2 equivalent (0.738 mg, in 5 m[ water)
of silver heptafluoro butyrate added, mixed, centrifuged and
checked for Br-. A clear solution indicates total consumption
of all Br-. Filtrate was taken in a syringe and filtered again
through a 5 micron filter (25 mm, Millex LCR, PTEF, 25
ml /filter) and purified by flash chromatography (Purified in
two batches: 43 g, C18 Isco column, Flow=40 m[./min, Sol-
vent A: Water, Solvent B: Methanol, column equilibrated
with 100 mL 50% B then 250 mL 2% B. Sample loaded as
solution on column, 0-6 min 2% B then 6-35 min 2-85% B,
wavelength=254 nm). Fractions containing product were
analyzed by analytical HPLC for purity and pure (>95%)
fractions were pooled and dried in a rotary evaporator to give
p-Acetyl-4-phenylurazole quaternary aminooxy adduct hep-
tafluoro butyrate 5 as white solid. Solid was co-evaporated
with 20 mL of toluene and dried under vacuum to ensure
complete removal of water. Final yield and HPLC purity was
2.6 g (65%) and >98%. In various aspects, the values of each
of the components used in this example can be increased or
decreased by an amount in the range of from about 5% to
about 20%, for example, each component can be used in an
amount that is from 5% less to 5% more than the value used
in this example, each component can be used in an amount
that is from 10% less to 10% more than the value used in this
example, each component can be used in an amount that is
from 15% less to 15% more than the value used in this
example, or each component can be used in an amount that is
from 20% less to 20% more than the value used in this
example. In various aspects, the values can be varied by about
plus or minus 5% to 20%.

Synthesis of QAO-C Reagent (6)

To a cold suspension of p-Acetyl-4-phenylurazole quater-
nary aminooxy adduct heptafluoro butyrate 5 (800 mg, 1.46
mmol, under argon atmosphere) a solution of tBuOCI (0.175
ml, 1.46 mmol in 7 mL of anhydrous acetonitrile) was added
(2-3 min addition) dropwise while stirring. After addition is
complete the reaction was stirred at 0-5° C. for 30 min.
Acetonitrile was removed by a rotary evaporator (vented with
nitrogen) and the pink solid was washed with anhydrous
EtOAc (removed by pasture pipette from top under a blanket
of argon). 0.65 g (80%) of 6 was obtained as an orange-red
solid after drying under vacuum. Product was stored at —-40°
C., free of moisture and protected from bright light. In various
aspects, the values of each of the components used in this
example can be increased or decreased by an amount in the
range of from about 5% to about 20%, for example, each
component can be used in an amount that is from 5% less to
5% more than the value used in this example, each component
can be used in an amount that is from 10% less to 10% more
than the value used in this example, each component can be
used in an amount that is from 15% less to 15% more than the
value used in this example, or each component can be used in
an amount that is from 20% less to 20% more than the value
used in this example. In various aspects, the values can be
varied by about plus or minus 5% to 20%.

Other Chemicals and Reagents Used for Sample
Preparation and Analysis

1. Internal Standard:
1a,25-DihydroxyVitamin-D;
[d6-1,25 DHVD;]

(26.26,26,27,27.27-d,).
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Source: Medical Isotopes Inc. Pelham, N.H. Product Num-
ber: D3222, 1 mg.

CD;

Chemical Formula: Co7H3gD¢O3
Exact Mass: 422.37
Molecular Weight: 422.67

2. Analyte:
1a,25-Dihydroxy Vitamin-D;
Source: TRC, Canada. Product Number: C144500, 1 mg.

Chemical Formula: C27H4403
Exact Mass: 416.33
Molecular Weight: 416.64

3. Solvents:

a) Di-isopropyl ether: Source: Aldrich, Product Number
38279

b) Hexanes (HPLC Grade): Source: JT BAKER, Product
Number 9304-03

¢) Iso-Propanol (i-PrOH): Source: Aldrich, Product Num-
ber 278475

d) Methanol (HPLC Grade): Source, ACROS, AC61009-
0040
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e) Acetonitrile (HPLC grade): Source, EMD, Product
Number AX0145-1

) De-ionized water

g) Formic acid (MS grade): Source, Fluka, Product Num-
ber 56302

h) Dimethyl Formamide (DMF): Source, Aldrich, Product
Number 270547

. HPLC and Solid Phase Cartridges and Supplies:

a) Chromabond 24 position collection rack: Source, Mach-
erey Nagel, Product Number 730508.

b) Chromabond Adaptor for comb. diff. Columns: Source,
Macherey Nagel, Product Number 730101

¢) Chromabond columns XTR, 6 ml, 1000 mg BIG:
Source, Macherey Nagel, Product Number 730487.250

d) Sep-Pak® Vac Silica cartridge 6 cc/500 mg 55-105 pm
30/box: Source, Waters, Product Number WAT043400

e) 5 mL PP vials: Source, VWR, Product Number 16465-
262

) VWR® Culture Tubes, Disposable, Flint Glass 16x150
mm: Source, VWR, Product Number 60825-435

g) Micro centrifuge Tubes 1.7 mL: Source, National Sci-
entific, Product Number 20172-698

h) Micro centrifuge Tubes 0.65 mL.: Source, National Sci-
entific, Product Number 20172-910

1) HPLC Vials and caps: Source, Agilent, Product Numbers
9301-0978 and 5182-0540

. Instrumentation and HPLC Columns:

a) Speed vacuum concentrator with rotors for 13 mm vials
and 0.65 mL centrifuge tubes.

b) Mini centrifuge

¢) Thermolyne Vortex Shaker

d) Timer

e) 5500 QTRAP Mass Spectrometer

f) Shimadzu UPLC

2) ACQUITY UPLC BEH C18 Column, 2.1x100 mm, 1.7
pum, Product number 186002352

h) Necessary vial racks and holders

i) S mL, 1 ml, 200 pl, and 20 pL pipettes to be used
(recommended) with RT 1000F, RT 200F and RT 20F
tips from Rainin to avoid cross contamination.

Solid Phase Extraction and Derivatization Method

1. Spike internal standard (150 pg d6-1,25 DHVD; in 15
ul, DMF) on silica cartridge.

2. Assemble Chromabond X TR and Silica cartridges using
an adapter on collection rack. Chromabond XTR car-
tridge will be on top. Place glass tubes under the silica
cartridge to collect washings.

3. Equilibrate plasma or serum sample to ambient tempera-
ture, vortex briefly to obtain an even suspension and
dispense 200 plL in a 1.7 mL micro centrifuge tube.
Dilute with
700 uL of water, vortex for 30 sec and spin down.

4. Load diluted sample on Chromabond XTR column and
wait 10 min. (use timer)

5. Elute Chromabond XTR column with Di-isopropyl
ether (4x1 mL) on to Silica column. Wait 3 min in
between elution steps (use timer).

6. Remove and dispose Chromabond XTR column and
wash Silica column with 4% (2x4.5 mL) and 6% (2x3
mL) iPrOH in hexanes. Discard the washings and glass
tubes.

7. Elute 1,25 DHVD, with 25% iPrOH in hexanes (4.5 mL)
in a 5 mL, tube and dry in a speed vac. at ambient
temperature.
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8.Add 300 uL. of MeOH to the 5 mL tube, vortex for 1 min,
spin down, transfer the MeOH solution to a 0.65 mL
micro-centrifuge tube and dry in a speed vac. at ambient
temperature.

9. Derivatization: Add QAO-Cookson reagent (20 pL., 0.5
mg/mL in acetonitrile) to the 0.65 mL micro-centrifuge
tube vortex for 15 sec, spin down. Repeat the vortexing
step once more after you are done with the first round of
vortexing of all the samples. Spin down all tubes and

wait for 30 min at ambient temperature. The QAO-
Cookson reagent solution can be freshly made from
solid reagent and used within 1 hour of the derivatization
step. Reagent has good solubility up to a concentration
of 2 mg/ml. in acetonitrile.
10. Add 20 ul. water, mix, spin down and transfer the
solution to a HPLC vial and analyze.
LC-MS Method
Comment: DHVD3__C18_2.1 x 100 mm
1.7uAcquity_08530254156 21_Dec02__2010
Synchronization Mode: ~ LC Sync
Auto-Equilibration: Off
Acquisition Duration: 3 min 60 sec
Number Of Scans: 774

Periods In File:
Acquisition Module:

1
Acquisition Method

Software version Analyst 1.5.1
MS Method Properties:
Period 1:
Scans in Period: 774
Relative Start Time: 0.00 msec

Experiments in Period:

1
Period 1 Experiment 1:

Scan Type: MRM (MRM)
Scheduled MRM: No
Polarity: Positive
Scan Mode: N/A
Ton Source: Turbo Spray
Resolution Q1: Unit
Resolution Q3: Unit
Intensity Thres.: 0.00 cps
Settling Time: 0.0000 msec
MR Pause: 5.0070 msec
MCA: No
Step Size: 0.00 Da
@Q1 Mass Q3 Mass Dwell Param Start  Stop ID
(Da) (Da) (msec)
748.500 689.400 150.00
dODHVD3(1,25:24,25,23:25)__NeuL
@Q1 Mass Q3 Mass Dwell Param Start  Stop ID
(Da) (Da) (msec)
754.540 695.400 150.00
d6DHVD3(1,25:24,25:23,25)__NeuL
Parameter Table (Period 1 Experiment 1):
CUR: 25.00
IS: 3500.00
TEM: 650.00
GS1: 50.00
GS2: 55.00
CAD: Medium
DP 80.00
EP 10.00
CE 43.00
CXP 15.00

Integrated Harvard Syringe Pump Method Properties (Not Used)

4.61
7.000 uL/min

Syringe Diameter (mm):
Flow Rate:
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-continued

LC-MS Method

Valco Valve Diverter

Total Time (min) Position
1 0.0 B
2 1.0 A
3 4.0 B

Shimadzu LC Method Properties

Shimadzu LC system Equlibration time = 4.00 min
Shimadzu LC system Injection Volume = 20.00 ul
Shimadzu LC Method Parameters

Pumps
Pump A Model: LC-20AD
Pump B Model: LC-20AD
Pumping Mode: Binary Flow
Total Flow: 0.7000 mL/min.
Pump B Conc: 5.0%
B Curve: 0
Pressure Range (Pump A/B): 0-1422 psi

Autosampler

Model: SIL-20AC
Rinsing Volume: 200 uL
Needle Stroke: 52 mm.
Rinsing Speed: 35 ul/sec.
Sampling Speed: 15.0 ul/sec.
Purge Time: 25.0 min.
Rinse Dip Time: 0 sec.
Rinse Mode: Before and after aspiration
Cooler Enabled: Yes
Cooler Temperature: 5 deg. C.
Control Vial Needle Stroke: 52 mm
Pump Method: Rinse Port Only
Rinse Time: 2 sec

Oven
Model: CTO-20A
Temperature Control: Enabled
Temperature: 40 deg. C.
Max. Temperature: 50 deg. C.

System Controller

Model: CBM-20A

Power: On

Event 1: Off

Event 2: Off

Event 3: Off

Event 4: Off

Time Program

Time Module Events Parameter
0.20 Pumps Pump B Conc. 5
0.30 Pumps Pump B Conc. 35
5.00 Pumps Pump B Conc. 50
5.50 Pumps Pump B Conc. 95
6.00 Pumps Pump B Conc. 95
6.05 System Controller Stop

Other embodiments of the present teachings will be apparent
to those skilled in the art from consideration of the present
specification and practice of the present teachings disclosed
herein. It is intended that the present specification and
examples be considered exemplary only.

What is claimed:

1. A method for quantitating vitamin D analytes in a plasma
or serum sample, the vitamin D analytes comprising one or
more of vitamin D2, vitamin D3, metabolites of vitamin D2,
and metabolites of vitamin D3, the method comprising:

subjecting the sample containing vitamin D analytes to a

two stage purification in which an internal dihydroxy
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Vitamin D, standard is used, the method comprising
loading the sample into a diatomaceous earth or celite
column;

eluting material from the diatomaceous earth or celite col-

umn with diisopropyl ether into a silica column;
eluting material from the silica column with isopropanol in
hexanes;

derivatizing the material eluted from the silica column with

a QAO-Cookson reagent and subjecting the derivatized
material to a liquid chromatography step and performing
mass spectrometry analysis on the eluent from the liquid
chromatography step using parent daughter ion transi-
tion monitoring.

2. The method of claim 1 wherein eluting material from the
silica column comprises eluting using different concentra-
tions of isopropanol in hexanes.

3. The method of claim 2 wherein eluting material from the
silica column comprises successive elutants using about 4%
isopropanol in hexanes, about 6% isopropanol in hexanes and
about 25% isopropanol in hexanes.

4. The method of claim 1 wherein the internal dihydroxy
Vitamin D, standard is d6-1,25 dihydroxy Vitamin D.

5. The method of claim 1 wherein the eluent from the liquid
chromatography step comprises a dO-dihydroxy Vitamin
D;(1,25:24,25:23,25) and the transition monitored are about
748.6/689.5.

6. The method of claim 1 wherein the eluent from the liquid
chromatography step comprises a d6-dihydroxy Vitamin
D;(1,25:24,25:23,25) and the transition monitored are about
754.5/695 4.

7. The method of claim 1, wherein the QAO-Cookson
reagent comprises compounds having the structure:
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wherein X is an anion and one or more of the atoms within
the structure is optionally isotopically enriched.
8. The method of claim 1, wherein the QAO-Cookson
reagent comprises compounds having the structure:
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and n is 1 to 20.
9. The method of claim 1, wherein the QAO-Cookson
reagent comprises compounds having the structure:

and nis 1 to 20.



